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ABSTRACT

The consunption rates of northern squawfi sh (Ptychocheil us
oresonensi s) preying upon juvenile salnonids were indexed in four
reservoirs (Bonneville, The Dalles, John Day and MNary) of the
| ower Colunbia River. During the spring and sunmer of 1990, over
2,000 northern squawfish were collected from dam forebays, dam
tailraces and md-reservoir locations. Gut content data,
predator weight and water tenperature were used to conpute a
consunption index (Cl) for northern squawfish. Stomach contents
of smal | mouth bass (Mcronterus dol om eui), walleye (Stizostediog
vitreum), and channel catfish (lctal urus punctatus) were al so
col | ect ed.

Juvenile salmnids were found in 435 of 1,598 northern
squawfish guts analyzed. Besides sal nonids and other preyfish,
crustaceans formed a significant portion of the diet. Ml usks,
insects and plant material were also observed in the diet at
certain |ocations.

The CI of northern squawfish varied by season and |ocation.
At nost locations, summrer Cl's of northern squawfish were higher
than in the spring. The highest Cl's were observed during sumrer
inthe tailraces of McNary (7.5) John Day (4.0) and Bonneville
Dans (3.9). Northern squawfish collected in forebays had
internediate Cl's while fish collected in md-reservoir |ocations
had the lowest C's. Northern squawfish from the boat restricted
zones within tailrace and forebay | ocations had the highest Cl's
(maximum 11.2). Reservoir-wi de northern squawfish Cl's
(excluding boat restricted zones) ranged from near zero
(Bonneville and The Dalles) to 0.6 in John Day reservoir during
the spring; the Cl range in the sumer was zero to 0.2. FEfforts
to match sample collection with tines of highest juvenile
sal monid passage were successful except during July at The Dalles
and Bonneville Reservoirs. Consunption indices were noderate to
high at several |ocations even when passage was relatively |ow,
suggesting salnonid predation rate by northern squawfish was not
always a function of prey density. Future work will integrate




consunption index results with predator abundance data (ODFW to

allow a ranking of sanpled areas according to estimted |oss of
juvenile salnonids to northern squawish.
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| NTRCDUCTI ON

The U S. Fish and WIldlife Service (FW5 and the Oregon
Department of Fish and Wldlife (COFW recently conpleted a six
year study to determne the significance of predation on juvenile
salnonids in John Day Reservoir (Poe and Rieman 1988).  Study
results provided estimates of juvenile salnonid |osses to
predators which indicated that predation may account for the
majority of previously unexplained |osses of juvenile salnonids
in John Day Reservoir (Rieman et al. 1988). Continuing need for
predation research has been designated as high priority by
several regional conmttees and agencies including: (1) the
Nort hwest Power Pl anning Council ((section 403(d) (1)) of the
1987 Colunbia River Basin Fish and WIldlife Program: (2) the
Water Budget Evaluation - Reservoir Mrtality Technical Wrk
Goup (TWG mnutes of January 27, 1989 neeting); and (3) the 1989
Predator-Prey Mdeling Wrkshop (Fickeisen et al. 1990).

Al though predation was significant in John pay Reservoir, we
don't know if predation is a significant nortality factor in
other Colunbia River reservoirs. Because predation managenent is
an ongoing program (Nigro et al. 1990) we also need to: (1)
establish baseline data on predator abundance and consunption
rates in other reservoirs to evaluate the effectiveness of
predation nanagenent actions: (2) determine where predation
management actions should be inplenented: and (3) further devel op
predation nodels to help evaluate predation managenent and to
predict cumulative inpacts of predators on juvenile sal nmonid
survival throughout the system

In 1989 a collaborative study of the FWS and ODFW was
initiated to develop a predation index to estimate the relative
magni tude of juvenile salnonid |osses to predators in reservoirs
throughout the Colunbia River Basin. Devel opment of the index
was completed in 1990 and detailed descriptions of the
analytical, field, and |aboratory techniques for a consunption
rate index for northern squawfish (Ptvchocheilus oreaonensis) nay
be found in Petersen et al. (1990); corresponding nethods for
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abundance indexing may be found in Vigg and Burley (1990a).

This report presents the results of indexing northern
squawfi sh consunption rates upon juvenile salnonids during their
1990 out-mgration through four reservoirs in the |lower Colunbia
River

METHODS

Field Methods

Field sampling for 1990 was conpleted at 14 |ocations from
Bonnevill e Damtailrace through the upper reaches of MNary
reservoir and Ice Harbor Damtailrace in the Snake R ver (Figure
1 and Table 1). For each reservoir, sanple "locations" were
sel ected that represented a forebay, md-reservoir and tailrace
area (Figure 2). Wthin each location, 24 transects were
established, each transect being approxinmately 500 m At
forebays and tailraces of each dam 4 of the 24 transects were
within the boat restricted zone (BRZ) and 20 were outside the BRZ

10 being on each side of the river for an approximate distance
of 6 km To facilitate interpretation of results, the position
of transects in each damtailrace and forebay BRZ i s shown in
Figure 3.

Dam or project, operations were adjusted to allow sanpling
within the BRZ and around ice trash sluiceways, spillgates, and
power house outflows. Sanpling occurred inmediately after any
project operation change, so gut contents of captured predators
should be reflective of typical operating conditions.

A mninum target catch of 30 northern squawfish per day at
each location was established (see Petersen et al. 1990);
however, around danms the mnimum target catch was broken into two
units: 15 per day in the BRZ and 15 per day outside the BRZ
Sanpling was initiated 90 mnutes before sunrise at all
| ocations. The target predator was northern squawfish;

smal | nouth bass (Mcropterus dolomeui), walleye (Stizastedion
vitreum, and channel catfish (lLctalurus ounctatus) were also
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Table 1. Sanp

ling locations and dates for northern squaw i sh

Consunption Indexing, 1990. - Tr=Tailrace, Fb=Forebay,
reservoir, and Up=Upper reservoir.
RESERVA R Rl VER SPRI NG SUMVER
Locati on KI LOVETER
Bonneville Tr 225- 233 5/11-5/23  7/23-7/25
BONNEVI LLE
Bonneville Fb 233-239 5/21-5/23  7123-7125
Bonneville M 273- 285 5/16-5/18  7/17-7/18
The Dalles Tr 301- 307 5/14-5/15  7/16-7/17
THE DALLES
The Dalles Fb 307-315 5/15-5/16  7/9-7/10
The Dalles M 329- 333 5/17-5/18  7/11-7/12
John Day Tr 340- 347 5/9-5/10 7/2-7/3
JOHN DAY
John Day Fb 347-353 5/7-519  7/2-7/3
John Day M 387-395 5/9-5/10 6/ 25-6/26
McNar y Tr 459- 468 5/7-5/8 6/ 25- 6/ 26
MCNARY
McNar y Fb 468- 474 5/2-5/3 6/ 20- 6/ 21
716
McNar y Vs 497-504 4/ 30-5/ | 6/ 18-6/ 19
McNar %Jp 537- 544 5/2-5/3 6/ 20-6/ 21
| ce Harbor Tr' 10- 16 4/ 30- 5/ 6/ 18- 6/ 19
716

| Snake River
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Figure 1. Sanpling locations (arrows) for Consunption Indexing during 1990.
See Table 1 for specific location information.
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Figure 2. Sample pooling patterns for northern squawfish consumption index (CI)
and diet analyses. Each horizontal diagram represents a simple reservoir,
bounded by two dams, in the lower Columbia River. For a particular analysis,
data were pooled from areas of the reservoir having the same fill-pattern in the
diagram. Diagrams are not to scale.
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col lected for gut sanpling.

Two 18-ft Smth-Root' electrofishing boats were used to
capture predators, which were retained alive in circulating live
well's until processing of gut contents. Transects were
electrofished for 15 mnute intervals with the first six
transects chosen randonly; additional, discretionary transects
were fished to maximze catch of northern squawfish
El ectroshocking was briefly stopped during sanpling to allow in
situ recovery of adult salnonids and white sturgeon, which had
been incidentally shocked.

Northern squawfish were given a lethal dose of M5 222; data
were collected on fork length (FL, nearest mmj, weight (nearest 5
or 10 g, depending upon fish size), sex, and state of maturity.
Scales, otoliths, and opercles were removed for age and growh
information. Qut contents of northern squawfish over 250 nm FL
were taken using techniques described in Petersen et al. (1990).
Wl I eye, smallmouth bass, and channel catfish 2 200 nm were
anesthetized using M5 222; fork length, weight and scal es
(pectoral spines of channel catfish) were taken and stomachs were
punped with a nodified Seaburg stomach sanpl er (Seaburg 1957).

Al gut or stomach contents were placed in plastic bags and kept
on ice until freezing; sanples were kept frozen until [aboratory
anal ysis.

Laboratory Methods

In the laboratory, gut sanples were thawed and renoved from
the sanple bags. Intestinal parasites, fat, and other nateria
not ingested were discarded. Qut contents were examned with a
magni fying lanp and divided into major prey taxa groups (i.e.
fish, crustacean, nollusks, insects, plant and other). Each prey
group was blotted by placing the sanple on tissue paper for 30 s,
wei ghed to the nearest 0.01 g and returned to the sanple bag.

In order to speed |aboratory processing of gut contents, a

"Mention of brand nanes does not constitute endorsenent by the
U S. Governnent.




di gestive enzyme technique was used (Petersen et al. 1990). The
enzyme solution was prepared using |ukewarm tapwater, 2% (by
wei ght) strength pancreatin (8x porcine digestive enzyme) and 1%
(by weight) sodiumsulfide. The solution was poured into sanple
bags until contents were submersed. Contents were briefly
stirred to ensure all surface areas were in contact with the
digestive enzynme. Sanples were then placed in a desiccating oven
at 4o°c for 24 hr. After all flesh was digested, the contents
were rinsed through a 425 mcron (#40) sieve with tap water. A
di ssecting mcroscope and forceps were used to renove
di agnostic bones (primarily cleithra, dentaries, and opercles)
fromthe sanples. Di agnostic bones were identified (sal nonid,
scul pin, or other preyfish), paired to enunerate prey fish
consumed, and preserved in labeled vials with 95% ethanol .

Field and |aboratory data were stored in a relational
database, which is described in Appendix A

Consunption | ndex

Detail ed methods and index derivation for the northern
squawfish C were presented in Petersen et al. (1990); an
abbreviated description of the C is presented here for
conpl et eness.

The estimated number of sal nonids consuned per day by an
i ndi vidual predator, p, can be expressed as:

N

c = £ 1/ (Evacuation time for prey itemi)
il

or,

Co

I
L M-S

_ 1 / D9o; (1)

where c, is consunption rate (number of salmonids .individual
northern squawfish™. day-'), D9o, is nunber of days to 90%
digestion for salmonid prey itemi, and n is total nunber of
sal monids found in the gut. Using 90% digestion tine, rather
than |0Q0% avoids the problem of non-digestible prey parts that




may remain in the gut for extended periods. Equation (1) is
equi val ent to:

C,= T (24 / T90;) (2)
i=1
where T90, is nunber of hours to 90% digestion for the ith
salmonid prey item. T90, was cal cul ated by Beyer et al. (1988)
and nmodified by Rreman et al. (1988) to:

T9O, = 1147 * M6 * T & Wp'°'27 (3)

where M; is neal size (g) at time of ingestion of salnonid prey
itemi, T is water tenperature (°c), and w, is predator weight
(g). Substituting equation 3 into 2 and rearranging gives:

n
C, = 0. 0209 * T * w'¥ & 5 0 (4) .

i=1

Equation 4 provides an estimate of daily sal nonid consunption per
northern squawfish, but still requires estimation of neal size
(M) through intensive gut analysis and conplicated data
analysis. The following fornula was chosen as a O, based upon
sinplicity of data required and percent variance explained:

d = 0.0209 * 7' * Mw™2 * [Mrsal * Mautwgt "°¢'y (5)

where T is water tenperature, MNis nean predator weight (g),
Misal is mean nunber of salnonids per predator, and Mautwgt is
mean gut weight (g) per predator. Al variables in G are
averaged over all predators in a sample: C is the consunption
index for a collection (sample) of predators.

The C for northern squawfish, as derived above, isnot
meant to be a rigorous nethod for estinmating the nunber of
juvenile salnonids eaten per day by an average predator. The C
I's based upon the sinple idea of meal turnover timesand does not
consi der such aspects of consunption as diel feeding pattern and
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evacuation rate of prey. In an analysis of data from John Day
Reservoir (Petersen et al. 1990), the consunption rate of

northern squawfish (CR - juvenil e salmonids-predator '-day’') was
related to C bhy:

logyo(CR) = 1.17 * log,(c1) - 0.41 N = 86 r® = 0.89 .

Distribution characteristics of the northern squawfish C
were conputed by a bootstrap resampling technique (Efron and
Tibshirani 1986; Petersen et al. 1990). For each sanple of N
predators, a conputer program randomy selected N individual
predator records and calculated a new Cl. Five hundred Cl's were
conputed for each C distribution; prelimnary studies showed
that variances and confidence bounds were stable with 500
samples.  The nunber of predators per bootstrap sanple was set to
the original sanple size (N, or 60 if N was greater than 60.

Consunption Index (Cl) and diet summary anal yses for
northern squawfish were done by pooling sanple data in three
different patterns (Figure 2). The rationale for the "reservoir-
wi de" and "BRZ only" analyses (Figure 2) is within the Results
section.

Bi oenergetics | ndex

A bioenergetics index (Bl) of northern squawfish consunption
rate, which would complenent the direct C, has been under
devel opnent and testing (Petersen et al. 1990). The Bl uses a
general bioenergetics nodel of fish growth (Hewett and Johnson,
1987, 1989), paraneterized to northern squawfish, to estinate
consunption rate for a tine period. The Bl has not yet been
cal culated for northern squawfish in the mainstem Colunbia R ver
reservoirs because we have not conpleted ageing subsanples of the
predators from each reservoir; ageing work is currently
underway. Two aspects of bioenergetic nodeling of northern
squawfish w il be reported here: 1) Age determ nation nethods,
and, 2) parameter refinenent for the nodel.

Scales were collected from all northern squawfish = 250 mm
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FL caught during 1990. Approximately 15-30 scales were collected
from the area below the posterior base of the dorsal fin and
above the lateral line. Scales were prepared for mounting by
placing theminto apetri dish containing warm water and cleaned
with a fine brush. Approxinmately 4-6 non-regenerate scales per
fish were selected, placed on |abeled gum cards and heat pressed
onto acetate. Scale inpressions were projected using a
mcrofiche projector at42x. Scales were read and ages assigned
according to the methods outlined by Bagenal and Tesche (1978)
and Jearld (1983). Location of annuli and scale edge were marked
on strips of paper to provide a permanent record of the scale
reading. Two scales per fish were read by two independent
readers. In the event that a reader could not assign the same
age to two scales fromthe same fish, or the two readers assigned
different ages to a fish, both readers would collectively age
that fish and resolve any discrepancies. Scale ageing techniques
were coordinated with CDFW

In addition to determning ages wth scales, opercles and
otoliths were collected and used to conpare ages assigned to
i ndividuals by scale readings. Collection, preparation, and
reading of opercles followed nethods given by MConnell (1951)
and Scoppettone (1988). (Qoliths were nounted on glass slides
with hot glue and ground to the focus with fine grit emery paper
As in the case with scales, ages were determned by two
I ndependent readers and differences were resolved collectively.

Previous studies with the northern squawfish bioenergetics
model showed a high sensitivity in nodel output (accunulated
juvenile salnmonid consunption in g) to respiration paraneters
(Petersen et al. 1990). Respiration parameters specific to
northern squawfish were not available for the initial nodel
i npl ementation, so paraneter values from related species or
"generic" values were used (Hewett and Johnson 1987, e.g.).

Because of the high nodel sensitivity and |ack of species-
specific respiration paraneters, we considered research on
northern squawfish respiration rates inportant. A collaborative
study with Joseph Cech, Jr. (University of California, Davis) on
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the effects of tenperature and fish size upon basal respiration
rate was conducted during July, 1990. Data fromthis study will
be used to refine respiration parameters in the northern
squawfish bioenergetics model. Results of the respiration study
will be submtted to a peer-reviewed journal; a draft report of
study results is included as Appendix B.

RESULTS

Catch Sunmary

In the 1990 consunption index field sanpling season a total
of 2367 predators were captured. Northern squawfish accounted
for 85% (2017) of the catch of the four target predators. ther
predators collected were snall nouth bass (13% n=310), walleye
(1% n=26) and channel catfish (<1%, n=14) (Table 2).

O the 2017 squawfish captured 40% were collected from the
Bonnevill e Damtailrace and forebay. The nunbers of northern
squawfi sh captured per reservoir generally decreased from
Bonneville Reservoir up-river. Northern squawfish fork |engths
ranged from 154-481 mm (nean=336 nm n=551) for nmales and 231-
570 mm (mean=412 mm n=1413) for females: weights ranged from 40-
1420 g (nmean=478 g, n=551) for nales and 130-2450 g (mean=949 g,
n=1411) for fenales.

Sex ratio of the northern squawfish catch was 70% femal es,
27% mal es, and 3% undetermined. Catches of fenales were
general ly higher near the dams than at md-reservoir |ocations,
except for lce Harbor Damtailrace BRZ (sunmer) where males made
up 58% of the catch. N nety-nine percent of the northern
squawfish collected in the spring had devel oping gonads. pyri ng
sumer, 48% of the fenmales had devel oping gonads, 16% were ripe
and 32% were spent. O males collected during the sumer, 10%
had devel opi ng gonads, 75% were ripe and 12% were spent.

Smal | mouth bass were collected in all of the reservoirs and
the Bonneville Damtailrace (Figure 4); however, smallnouth bass
were not found in abundance within the BRZ's of the dams. Up-
river from Bonneville Dam the proportion of smallnmuth bass in
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Table 2.  Number of predators collected duri ngb:nor_t hern sguawfish

sanpling, 1990. N=Nunmber, M=Male, F=Fenmle, U=Uni dentified sex,
SMB=Snal | nout hbass, WAL=Wl | eye, CHC=Channel catfi sh, Tr=Tail race,
Fb=Forebay, M =Md-reservoir, and Up=Upper reservoir.

RESERVA R NORTHERN _SOQUAWFI SH S\VB WAL CHC

Locat i on N M F U
SPRING

Bonneville Tr 204 57 132 15 6 5 0
BONNEVI LLE

Bonneville Fb 195 31 163 1 0 0 0

Bonneville M 40 17 21 2 0 0 0

The Dalles Tr 48 9 39 0 10 0 0
THE DALLES

The Dalles Fb 38 1 37 0 0 0 0

The Dalles M 15 4 11 0 7 1 0

John Day Tr 100 35 65 0 11 7 0
JOHN DAY

John Day Fb 38 10 28 0 9 0 0

John Day M 6 4 2 0 17 0 0

McNar y Tr 84 16 67 1 0 0 0
MCNARY

McNar y Fb 24 1 23 0 11 0 0

McNar y M 9 0 9 0 5 0 0

McNar P 33 4 29 0 13 1 0

[ ce rbor Tr 14 4 10 0 3 0 4
SPRI NG TOTAL 848 193 636 19 92 14 4
SUMVER

Bonneville Tr 236 102 124 10 2 0 0
BONNEVI LLE

Bonneville Fb 173 25 132 13 3 0 0

Bonneville M 49 19 30 0 6 1 0

The Dalles Tr 70 17 51 2 4 0 0
THE DALLES

The Dalles Fb 61 11 50 0 8 0 0

The Dalles M 56 18 31 I 15 1 0

John Day Tr 144 25 118 1 8 2 0
JOHN DAY

John Day Fb 16 11 5 0 12 0 0

John Day M 7 1 5 1 16 0 0

McNar y Tr 150 35 115 0 10 8 1
MCNARY

McNar y Fb 9 1 8 0 32 0 0

McNar y M 14 1 13 0 4 0 0

McNar LIJP 36 12 24 0 79 0 0

[ ce Harbor Tr 149 80 68 0 20 0 8
SUMVER TOTAL 1169 358 777 34 219 12 9
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Figure 4. Percent of the predator catch per reservoir during 1990 spring and
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the total catch increased (Figure 4). O the 310 smallnouth bass
collected, 30% were captured at the upper MNary location, 14%in
the McNary Damforebay and 11% at the John Day m d-reservoir
location.

Wl | eyes were captured throughout the sanpled reservoirs in
| ow nunbers. Mbst common occurrences were associated with dam
tailraces but some fish were taken in md-reservoir |ocations.

No wal | eyes were taken in a dam forebay area.

Channel catfish were collected in low nunbers (Figure 4). A
total of 14 fish were collected during the entire sanple season
13 from lce Harbor Dam tailrace.

Suckers (Catostonus ssp., primarily large-scale, ¢.
macrocheilus,and bridgel i p suckers, ¢. colunbianus) were the
nost conmon non-target fish observed while electrofishing. Qher
species commonly observed during sanpling included: carp

(Cyprinus carpio), peanouth (Mlocheilus caurinus), chiselnouth
(Acrocheilusal utaceus), and American shad (Alosa sanidissinmg).

The highest diversity of species occurred at the upper MNary
| ocation where a total of 13 non-target species were identified
in addition to target predators captured.

Adult sal non, steelhead and white sturgeon were
occassional |y shocked during sanpling. The sanpling crew stopped
el ectroshocking to allow these fish to recover or drift out of
the current field. Incidentally shocked adult salmonids and
white sturgeon were not netted or followed downriver, so no
estimate of their nortality was possible.

Consunption |ndexing

Anal yses of the variability of northern squawfish data
collected during 1983-86 in John Day Reservoir suggested that 15-
30 fish per day, or 30-60 fish per two-day period, would provide
a reasonable sanple for indexing consunption (Petersen et al.
1990). During 1990 sanpling, we caught the mnimum of 30 fish
during two days of effort, at 9 of 14 locations in the spring and
10 of 14 locations in the summer (Table 3). The 2-day upper
target of 60 fish proved nore difficult and was achieved on 10 of
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Table 3. Northern squawfish consunption indices (Cl) at |ocations
in the |ower Colunbia and Snake Rivers during 1990.° Note that a
single 0 neans no juvenile salnonids were found in the predator
guts while 0.0 nmeans the estimate was less than 0.05. CI' is the
consunption index for the original sanple (N. Man C, standard
deviation (SD), coefficient of variation (r , % and quartiles are
iven for the 500 bootstrap sanples. r=Tail race, Fb=Forebay,
=m d-reservoir, Up=Upper reservoir.

RESERVU R Bootstrap Summarv

Location N a
Mean SD CV 25th 75th

SPRING

Bonneville Tr 149 2.2 2.2 0.4 17 2.0 2.5
BONNEVI LLE

Bonneville Fb 153 0.6 0.6 0.2 32 0.5 0.7

Bonneville M 39 0 0 0 0 0

The Dalles Tr 48 1.5 1.6 0.4 22 1.4 1.8
THE DALLES

The Dalles Fb 38 0.8 0.8 0.2 28 0.7 0.9

The Dalles M 15 0 0 0 0 0

John Day Tr 77 0.9 0.9 0.1 15 0.8 0.9
JOHN DAY

John Day Fb 38 1.5 1.5 0.2 13 1.4 1.6

John Day M 6 0 0 0 0 0

McNar y Tr 77 2.2 2.2 0.2 10 2.1 2.4
MCNARY

McNar y Fb 24 1.4 1.4 0.3 22 1.2 1.6

McNar y M 9 0.2 0.1 0.1 75 0.0 0.2

MeNar P 33 1.5 1.7 0.7 44 1.2 2.1

[ ce rbor Tr 14 4.8 5.5 4.2 77 2.4 7.1
SUMVER

Bonneville Tr 154 3.9 3.8 1.0 25 3.1 4.5
BONNEVI LLE

Bonneville Fb 139 1.6 1.6 0.6 36 1.2 2.0

Bonneville M 42 0 0 0 0 0

The Dalles Tr 67 0.4 0.4 0.2 48 0.0 0.6
THE DALLES

The Dalles Fb 61 0.9 0.9 0.5 51 0.6 1.2

The Dalles M 51 0.1 0.1 0.1 98 0.0 0.2

John Day Tr 96 4.0 4.0 0.7 18 3.5 4.5
JOHN DAY

John Day Fb 16 2.2 2.5 1.8 74 1.1 3.4

John Day M 7 0.9 1.1 1.1 106 0.0 1.5

McNar y Tr 75 7.5 7.5 1.3 17 6.7 8.4
MCNARY

McNar y Fb 9 2.3 2.4 1.2 50 1.6 3.3

McNar y M 13 1.6 1.7 1.0 59 0.9 2.3

Mc Nar LIJP 36 1.5 1.5 0.5 34 1.1 1.8

[ ce rbor Tr 112 0.5 0.6 0.3 62 0.3 0.7
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28 time-locations (Table 3).

Difficulty in neeting sanpling targets at specific
| ocations, especially md-reservoir locations (Table 3), reduced
the statistical power with which conmparisons could be nmade since
smal | -sanple variation tended to be greater than variation in
sanples with many northern squawfish; for exanple, coefficients
of variation were inversely related to sanple size, in general
(Table 3). To estimate the statistical power (1.0 mnus Type ||
error; Type | error set to . 05) achievable when conparing ci's,
we calculated the power for some hypothetical conparisons and
averaged simlar power estimates. cI's from md-reservoir
| ocations, which had the snallest sanples and the greatest
variability, were examned as a conservative exanple. Measured
cIi's frommd-reservoir |locations (N=6) were conpared to a
hypot hetical Cl that was one-half the neasured estimate (C vs.
CI/2; average power = 89%, and also to a hypothetical C that
was two times the measured C (C vs. 2*cI; average power = 979%.
Conparisons of cI's fromtailrace and forebay | ocations had even
hi gher power because the nmeasured Cl estimates from these
|ocations had smaller relative standard deviations (cv's; Table
3) than the ci's fromthe nid-reservoir locations. These results
I ndicate that locations can be ranked, with high confidence
(power) , by their relative consunption rates.

Consunption indices of northern squawfish ranged from zero
at several locations to 7.5 in the McNary tailrace during sunmer
sanpling (Table 3). Northern squawfish collected from tailraces
and forebays tended to have the highest C values with a few
exceptions. Mean cI's were always very close to the C based
upon the original fish sanple, as expected. The coefficient of
variation of northern squawfish CI neans averaged 43% wth a
hi gh value of 106% in John Day md-reservoir when sanple size was
only 7 northern squawfish (Table 3).

Conpared to the spring period, northern squawfish Ci's were
hi gher during the sunmer in 10 of the 14 locations (Table 3).
For these 10 | ocations,index values increased from spring to
sumer by an average of 1.5 Cl units. The only notable
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exceptions to higher summer consunption at a |location occurred in
The Dalles tailrace and |ce Harbor tailrace, which both had

hi gher northern squawfish Ci's in the spring. |In The Dalles
tailrace, the C dropped from 1.5 in the spring to 0.4 during the
summer sanpling. The drop at the lce Harbor tailrace was from
as8to 0.5, although a relatively small sample of fish (N = 14)
was col | ected during the spring.

During the spring period, northern squawfish taken from all
tailrace areas had relatively high Cl's (0.9 to 4.8) conpared to
fish from forebays and md-reservoir |ocations (Table 3).

Nort hern squawfish in forebays had noderately high Cl's (0.6 to
1.5) and fish from md-reservoir locations had Cl's that were
very low (0 to 0.2). Northern squawfish from the MNary upper
location, within the Hanford reach, had a noderately high C
(1.5). During the summer, Cl's of northern squawfish by |ocation
followed a simlar pattern as observed in the spring (Table 3).

Sanple sizes in the md-reservoir |ocations were generally
low (Table 3). In the Bonneville md-reservoir |ocation,
however, 39 and 42 northern squawfish were collected in spring
and summer, respectively. None of these fish contained juvenile
salmonid prey intheir guts, resulting in Cl estimates of zero
(Table 3). Northern squawfish Cl's for the BRZ's within
tailraces and forebays are given in Table 4. During the spring,
northern squawfish Cl's were particularly high at the BRZ's of
Bonneville Dam tailrace, MNary Damtailrace and forebay, and the
| ce Harbor Dam tailrace, although sanple size was fairly small in
the BRZ's of Ice Harbor Damtailrace and the McNary Dam forebay
(Table 4). During the sunmer, the northern squawfish collected
fromthe BRZ's of tailraces of Bonneville, John Day and MNary
dans had high C's (4.6-11.2); in contrast, The Dalles and Ice
Har bor tailrace BRZ's had sumrer Cl's near zero (Table 4).

Consunption indices estimated for northern squawfish at the
BRZ'S of damtailraces and forebays were significantly higher
than Cl's estimated for northern squawfish from the adjacent non-
BRZ area (Table 5). In the spring, Cl's averaged only 0.7 C
units greater in the BRZ's conpared to outside. In the sumer,
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Table 4. Consunption indices (C) of northern sguawfish wthin dam
BRZ's in the | ower Columbia and Snake Rivers during 1990. See
Table 3 for explanation of colums.

RESERVO R Boot strap Summary
Locati on N Cl Quartiles
(BRZ only) Mean SD CV 25th  75th

SPRI NG
Bonneville Tr 89 2.5 2.5 0.3 13 2.3 2.7

BONNEVI LLE
Bonneville Fb 102 0.8 0.8 0.2 26 0.7 1.0
The Dalles Tr 41 0.2 0.2 0.1 55 0.2 0.3

THE DALLES
The Dalles Fb 20 1.0 1.1 0.8 71 0.5 1.4
John Day Tr 50 0.9 0.9 0.1 16 0.0 1.0

JOHN DAY
John Day Fb 34 1.6 1.7 0.9 50 1.0 2.2
McNar y Tr 60 2.4 2.4 0.2 9 2.2 2.6

MCNARY
McNar Fb 17 7.8 8.5 5.5 65 4.4 11.5
[ ce rbor Tr 14 4.8 5.5 4.2 17 2.4 7.1

SUMVER
Bonneville Tr 109 4.6 4.6 0.9 20 4.0 5.2

BONNEVI LLE
Bonneville Fb 89 2.2 2.2 0.6 29 1.8 2.7
The Dalles Tr 63 0.0 0.0 0.0 61 0.0 0.1

THE DALLES
The Dalles Fb 25 2.8 2.8 1.1 39 1.2 3.6
John Day Tr 50 6.3 6.3 0.7 11 5.8 6.8

JOHN DAY
John Day Fb 11 0.0 0.0 0.0 114 0.0 0.0
McNar y Tr 50 11.2 11.2 1.0 9 10.5 12.0

MCNARY
McNar Fb 8 0.0 0.1 0.1 78 0.0 0.1
[ce Harbor Tr 79 0.0 0.0 0.0 88 0.0 0.0
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Table 5.  Conparison of mean northern squawfish Cl's within the
boat restricted zone (BRZ) versus outside the BRZ in selected dam
tailraces (Tr) and forebays (Fb). Only locations where sanple
size ( was at |east 15 ‘northern squawfish were conpared. P is
the probability that means were equal using a Mann-Witney U test
upon the 500 bootstrapped estimates for each mean.

RESERVO R

Location BRZ tSi BRZ P

Mean SD N Mean SD N

SPRI NG

Bonneville Tr 2.5 0.3 89 1.8 0.5 60 x.001
BONNEVI LLE

Bonneville Fb 0.8 0.2 102 0.1 0.1 51 <.o01
THE DALLES

John Day Tr 0.9 0.2 50 0.7 0.2 27 <.001
JOHN DAY

McNar y Tr 2.4 0.2 60 1.6 0.4 17 x.001
SUMMER

Bonneville Tr 4.6 0.8 109 0.3 0.1 45 <. 0
BONNEVI LLE

Bonneville Fb 2.2 0.4 89 0 0 50 x.001
THE DALLES

The Dalles FEb 2.8 1.2 25 0.2 0.0 36 <.001

John Day Tr 6.3 0.5 50 0 0 46 <.o001
JOHN DAY

McNar y Tr 11.2 1.0 50 2.6 2.1 25 <.001
MCNARY

[ ce Harbor Tr' 0.0 0.0 79 0 0 33 <.001

"Mean CI within the BRZ was 2.453-3 (SD = 2.153-3); rounding
causes 0.0 for Ice Harbor Tr BRZ
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however, northern squawfish consunption differences between

adj acent areas were nuch greater, averaging 4.0 Cl units. The
most dramatic difference occurred in the John Day and MNary
tailraces where BRZ consunption indices were 6.3 and 8.7 C units
hi gher, respectively, than outside the BRZ (Table 5). Ice Harbor
tailrace BRZ and non-BRZ northern squawfish consunption rates
were very low in the sumrer, although the CI in the BRZ was still
significantly higher than the C neasured outside of the BRZ (P <
. 001; Table 5). Northern squawfish Cl's fromboth the tailrace
and forebay BRZ's were higher than adjacent zones (Table 5).

H gher northern squawfish Ci's within BRZ's occurred in all
reservoirs where adequate tests could be made (Table 5).

Qur original intent was to estinate reservoir-w de
consunption indices by combining sanples from all locations in a
reservoir for a given tinme period. Several results suggested
that this strategy was not the best way to accurately index
consunption in a reservoir. First, catches in different parts of
a reservoir were usually very different due to the difficulty of
collecting northern squawfish at md-reservoir |ocations (Table
2y + Unbal anced catches of predators would bias reservoir-wde
Cl's toward those locations where the greatest number of
predators were caught - usually the BRZ's within tailraces and
forebays.  Secondly, conparisons of northern squawfish Cl's in
the BRZ's versus the Cl's in adjacent, non-BRZ areas of the
tailraces and forebays (see section above: Table 5) indicated
that areas very near danms (BRZ's) had especially high predation
rates. Tailrace and forebay areas outside the BRZ's usually had
estimates that were nore simlar to md-reservoir estimates than
to the adjacent BRZ (Tables 3 and 5). Finally, low catches and
many enpty northern squawfish guts at several md-reservoir
| ocations caused their Cl's to be zero. Athough juvenile
sal moni d consunption could be zero or very lowin sone md-
reservoirs, conplete lack of northern squawfish predation upon
salmonids (zero Cl) seens unlikely based upon earlier data from
John Day Reservoir (Poe et al. 1988; Vigg et al. 1988).

For the above reasons, and to increase sanple size,
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Table 6. Reservoir-wi de (excluding BRZ's at dans) Cl's of northern
squawf i sh duri n? 1990 sanpling in the |ower Columbia and Snake
Rivers. See Table 3 for explanation of colums.

RESERVO R Bootstrap Sumnary

(excl udi ng N Cl _ Quartiles
BRZ's ) Mean SD CV 25th  75th

SPRI NG

BONNEVI LLE 97 0.0 0.0 0.0 141 0.0 0.0

THE DALLES 58 0.1 0.1 0.0 74 0.0 0.1

JOHN DAY 27 0.5 0.6 0.4 73 0.3 0.8

MCNARY 49 0.2 0.2 0.1 69 0.1 0.2

SUMVER

BONNEVI LLE 96 0 0 0 - 0 0

THE DALLES 133 0.0 0.0 0.0 106 0.0 0.0

JOHN DAY 37 0.2 0.2 0.1 78 0.1 0.2

MCNARY 83 0.1 0.1 0.1 54 0.1 0.2
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"reservoir-w de" consunption was estinmated by combining all

sanpl es col | ected between two dams, except those sanples fromthe
forebav and tajlrace BR7's (see Figure 2). Northern squawfish
reservoir-wide Cl's were quite low (< 1.0) in spring and sumer
(Table 6). In the spring period, the rank order of northern
squawmfish d's, from |owest to highest, was Bonneville, The
Dal | es, McNary and John Day reservoirs. The inter-quartile
ranges of the four reservoirs did not overlap (Table 6),
suggesting northern squawfish consunption rates may differ among
some reservoirs. In the summer, nean Cl's of northern squawfish
in Bonneville and The Dalles reservoirs were near zero. Qut of
229 gut sanples exam ned from these reservoirs in the summer,
only 2 salnonids were recovered. The Cl's for northern squawfish
from John Day and MNary reservoirs were higher than Cl's of
northern squawfish in Bonneville and The Dalles reservoirs (Table
6) .

Diet Sunmary of Northern Squawfish

Tables 7-12 sunmarize diet information. Diet summaries by
| ocation (tailrace, md-reservoir and forebay) are in Tables 7
and 8; Tables 9 and 10 have information for BRZ's only, and
Tables 11 and 12 summarize reservoir-w de (excluding BRZ's)
northern squawfish gut content data.

In the laboratory, 1,598 northern squawfish gut sanmples were
anal yzed. The overall diet of squawfish was domnated by fish
and crustaceans (45% and 37% respectively: Table 7). Fish were
the nmost inportant prey item for northern squawfish from the BRZ
areas (Table 9). In contrast, crustaceans were the dom nant prey
item of northern squawfish in reservoir-w de areas, except in the
John Day reservoir (Table 11). GCrayfish made up the greatest
portion of crustacean weight. Anphipods were also present,
especially in small northern squawfish (<350 mm FL). During the
summer sanpling period, insects and plants also became inportant
inthe reservoir area (8.3%and 8.9% respectively).

Using diagnostic bone counts, 939 juvenile salnmonids were
found in 435 northern squawfish; 18 other northern squawfish
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Table 7. Gut content of northern squawfish at locations in the lower Columbia
and Snake Rivers during 1990. Gut contents (%) are the mean of percentages of

individual northern squawfish that had non-empty guts. Crust. = crustacean;
Moll. = mollusk. Tr=Tailrace, Fb=Forebay, Mr=Mid-reservoir, and Up=Upper
reservoir.
RESERVOIR

Location Mean % GUT CONTENTS (%)

N gut wt. empty
) guts Fish Crust. Moll.Insect Plant Other

SPRING

Bonneville Tr 149 11.21 32.2 69.2 221 6.0 18 1.0 0.0
BONNEVILLE

Bonneville Fb 153 7.10 30.7 304 618 24 00 19 35

Bonneville Mr 39 3.12 154 217 583 27 91 81 0.0

The Dalles Tr 48  10.12 33.3 787 20.7 0.0 00 06 0.0
THE DALLES

The Dalles Fb 38 10.39 25.0 407 389 00 40 101 6.2

The Dalles Mr 15 4.09 20.0 47 795 80 29 14 34

John Day Tr 77 7.26 20.8 446 40.8 1.9 6.3 54 1.0
JOHN DAY

John Day Fb 38 15.04 26.3 75.0 107 00 107 0.0 3.6

John Day Mr 6 1.54 16.7 0.0 800 00 200 00 0.0

McNary Tr 77 13.40 7.8 872 112 01 14 00 0.2
MCNARY

McNary Fb 24 18.24 12.5 810 156 00 34 00 0.0

McNary Mr 9 14.49 33.3 167 809 00 OO0 00 24

McNary Up 33 5.27 33.3 400 285 28 149 05 134

Ice Harbor Tr 14 17.55 14.3 82.8 00 00 63 109 0.0
SUMMER

Bonneville Tr 155 8.12 45.2 534 353 30 00 44 39
BONNEVILLE

Bonneville Fb 139 10.37 41.7 256 483 24 92 58 89

Bonneville Mr 42 4.32 16.7 7.4 59.8 33 144 127 24

The Dalles Tr 67 7.67 62.7 242 413 34 33 170 107
THE DALLES

The Dalles Fb 61 4.56 42.6 112 639 08 87 122 3.2

The Dalles Mr 51 2.65 23.5 42 431 0.0 339 098 8.8

John Day Tr 96 4.37 36.5 570 299 46 01 50 34
JOHN DAY

John Day Fb 16 1.30 68.8 400 200 0.0 400 0.0 0.0

John Day Mr 7 4.00 42.9 217 731 00 27 25 0.0

McNary Tr 75 6.26 13.3 759 9.9 2.6 18 23 7.6
MCNARY

McNary Fb 9 3.86 33.3 493 00 00 50.7 0.0 0.0

McNary Mr 13 6.90 7.7 247 669 00 00 00 84

McNary Up 36 8.45 111 21.0 459 13 57 200 6.1

Ice Harbor Tr 112 2.60 69.6 176 268 39 134 268 114
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Table 8. Prey fish consumed by northern squawfish (SQF) at locations in the
lower Columbia and Snake Rivers during 1990. FL =fork length; Mean Fish Wt. =
mean prey fish mass (g) per predator; % smolts = percent of the total number of
fish consumed that were juvenile salmonids. Tr=Tailrace, Fb=Forebay, Mr=Mid-
reservoir, Up=Upper reservoir.

PREDATORS PREY FISH CONSUMED
RESERVOIR Mean # Total
Location Fish Total Smolts # %
N Mean wt. # Per % Other Other
FL (mm) (9) Smolts SQF Smolts Fish Fish
SPRING
Bonneville Tr 149 392.7 6.99 161 1.1 95.8 7 4.2
BONNEVILLE
Bonneville Fb 153 391.5 2.45 33 0.2 80.5 8 19.5
Bonneville Mr 39 344.9 0.89 0 0.0 0.0 11 100.0
The Dalles Tr 48 426.6 6.4 32 0.7 91.4 3 8.6
THE DALLES
The Dalles Fb 38 423.6 4.81 15 0.4 100.0 0.0
The Dalles Mr 15 346.3 0.16 0 0.0 0.0 1 100.0
John Day Tr 77 391.6 5.29 32 0.4 86.5 5 13.5
JOHN DAY 0
John Day Fb 38 418.6 10.77 34 0.9 100.0 0 0.0
John Day Mr 6 351.0 0 0 0.0 - -
McNary Tr 77 417.2 11.83 124 1.6 98.4 2 1.6
MCNARY
McNary Fb 24 437.4 15.63 29 1.2 93.5 2 6.5
McNary Mr 9 429.6 5.89 1 0.1 100.0 0 0.0
McNary Up 33 398.1 2.66 21 0.6 95.5 1 4.5
Ice Harbor Tr 14 446.1 13.58 26 1.9 96.3 1 3.7
SUMMER
Bonneville Tr 155 372.0 3.97 123 0.8 96.1 5 3.9
BONNEVILLE
Bonneville Fb 139 369.9 3.28 49 0.4 86.0 8 14.0
Bonneville Mr 42 351.9 0.27 0 0.0 0.0 5 100.0
The Dalles Tr 67 403.7 1.45 6 0.1 75.0 2 25.0
THE DALLES 2
The Dalles Fb 61 374.6 0.56 9 0.1 81.8 0 18.2
The Dalles Mr 51 346.2 0.17 0.0 100.0 0.0
John Day Tr 96 397.1 2.4 6 0.7 100.0 0 0.0
JOHN DAY 1
John Day Fb 16 399.5 0.08 2 0.1 66.7 0 3003
John Day Mr 7 337.6 0.24 1 0.1 100.0 e~
McNary Tr 75 406.8 3.26 136 1.8 97.1 4 2.9
MCNARY
McNary Fb 9 381.6 1.27 4 0.4 100.0 0 0.0
McNary Mr 13 425.7 1.01 7 0.5 70.0 3 30.0
McNary Up 36 373.3 1.29 22 0.7 92.9 2 7.1
Ice Harbor Tr 112 403.5 0.15 6 0.1 100.0 0 0.0




Table 9.

Columbia and Snake Rivers during 1990.

Diet summary of northern squawfish within dam BRZ"s in the lower
See Table 7 for explanation of

columns.
KESEKVO R

Location Mean % GUT CONTENTS (%)

(in BRZ2) N gut wt empty

) guts Fish Crust. Moll. |Insect Plant Other

SPRING

Bonneville Tr 89 16.28 30.3 88.5 3.7 6.2 1.6 0.0 0.0
BONNEVILLE

Bonneville Fb 102 7.79 35.3 43.4 48.9 3.5 0.0 15 2.6

The Dalles Tr 41 6.71 39.0 88.0 12.0 0.0 0.0 0.0 0.0
THE DALLES 0.0 vor

The Dalles Fb 21 13.23 28.6 66.7 26.7 0.5 7.7 0.0 -

John Day Tr 50 8.08 18.0 46.6 412 3.0 1.4
JOHN DAY 0.0 P

John Day Fb 34 1599 235 76.9 7.7 0.0 10.6 0.0 3.8

McNary Tr 60 13.4 6.7 91.0 8.8 0.0 0.2
MCNARY

McNary Fb 17 23.3 5.9 93.8 6.3 0.0 0.0 0.0 0.0

Ice Harbor Tr 14 17.55 14.3 82.8 0.0 0.0 6.3 10.9 0.0
SUMMER

Bonneville Tr 109 9.37 33.9 60.2 29.8 2.1 0.0 4.3 3.6
BONNEVILLE

Bonneville Fb 89 14.52 43.8 39.0 405 0.0 .oo 5.8 10.7

The Dalles Tr 63 7.83 66.7 289 374 0.0 4.0 20.3 9.5
THE DALLES 0.0 “in

The Dalles Fb 25 4.96 68.0 49.1 375 0.4 10.@ 0.1 0.0

John Day Tr 50 5.89 24.0 91.6 2.6 5.3 0.2
JOHN DAY

John bay Fb 11 159 63.6 50.0 25.0 0.0 25.0 0.0 0.0

McNary Tr 50 4.92 22.0 89.7 0.0 0.0 0.0 2.6 7.7
MCNARY

McNary Fb 8 3.86 25.0 49.3 0.0 0.0 50.7 0.0 0.0

Ice Harbor Tr 79 2.88 68.4 19.9 16.5 4.0 11.6 32.4 15.6
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Table 10. Prey fish consumed by northern squawfish (SQF) within dam BRZ"s in

the lower Columbia and Snake Rivers during 1990. See Table 8 for explanation
of columns.

PREDATORS PREY FISH CONSUMED
RESERVOIR Mean # Total
Location Fish Total Smolts # %
(in BRZ) N Mean wt. # Per % Other Other

FL (mm) (g) Smolts SQF Smolts Fish  Fish

SPRING

Bonneville Tr 89 408.9 10.82 136 1.5 96.5 5 3.5
BONNEVILLE

Bonneville Fb 102 402.2 3.43 32 0.3 88.9 4 111

The Dalles Tr 41 430.8 4.08 30 0.7 100.0 0 0.0
THE DALLES

The Dalles Fb 21 435.2 8.14 14 0.7 100.0 0 0.0

John Day Tr 50 395.2 6.13 24 0.5 96.0 1 4.0
JOHN DAY

John Day Fb 34 417.4 11.97 32 0.9 100.0 0 0.0

McNary Tr 60 412.9 12.37 108 1.8 100.0 0 0.0
MCNARY

McNary Fb 17 446.1 21.88 28 1.6 96.6 1 3.4

Ice Harbor Tr 14 446.1 13.58 26 1.9 96.3 1 3.7
SUMMER

Bonneville Tr 109 375.9 5.63 122 1.1 96.1 5 3.9
BONNEVILLE

Bonneville Fb 89 388.8 5.1 49 0.6 92.5 4 7.5

The Dalles Tr 63 406.1 1.54 6 0.1 75.0 2 25.0
THE DALLES

The Dalles Fb 25 390.3 1.37 8 0.3 88.9 1 11.1

John Day Tr 50 429.1 4.62 65 1.3 100.0 0 0.0
JOHN DAY

John Day Fb 11 405.1 0.12 2 02 66.7 1 333

McNary Tr 50 418.1 3.82 118 24 96.7 4 3.3
MCNARY

McNary Fb 8 392.9 1.43 4 0.5 100.0 0 0.0

Ice Harbor Tr 79 411.2 0.22 6 0.1 100.0 0 0.0
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Table 11. Diet summary of northern squawfish in reservoir-wide (excluding
BRZ"s at dams) areas in the lower Columbia and Snake Rivers during 1990
sampling. See Table 7 for explanation of columns.

RESERVOIR Mean % GUT CONTENTS (%)
(excluding gut wt empty

BRZ"s) N () guts Fish Crust. Moll. |Insect Plant Other
SPRING

2.6
Bonn. Tailrace 60 3.11 35 38.6 513 5.5 2.0 4.8 0.0
BONNEVILLE 17.4  70.1 1.3 3.8 e 2.6
THE DALLES 27 5.99 1Z.% 21.4  55.7 4.4 2.8 11.1 4.6
JOHN DAY 49 9,19 22.2 52.7 37.6 0.2 9.5 0.0 0.0
MCNARY 6.51 32.7 35.8 40.6 1.9 12.1 0.3 9.3
SUMMER
0.0 5.3

BONNEVILLE 96 3.8 71.1 15.4 60.4 5.6 15.1 8.7 4.8
THE DALLES 133 2.82 33.1 1.8 60.0 3.3 17.2 10.3 7.4
JOHN DAY 37 7.22 45.9 38.1 41.8 7.0 5.5 1.7 5.8
MCNARY 83 5.47 36.1 20.2 52.7 1.5 6.6 14.0 5.1
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Table 12. Prey fish consumed by northern squawfish (SQF) in reservoir-wide
areas in the lower Columbia and Snake Rivers during 1990 sampling. See Table
8 for explanation of columns.

PREDATORS PREY FISH CONSUMED
Mean # Total

RESERVOIR Fish Total Smolts # %
(excluding N Mean wt. # Per % Other Other

BRZ"s) FL (mm) (g) Smolts SQF Smolts Fish  Fish
SPRING
Bonn. Tailrace 60 369.2 1.33 25 0.4 92.6 2 7.4
BONNEVILLE 97 363.1 2.07 3 <0.1 14.3 18 85.7
THE DALLES 59 381.9 1.78 9 0.2 75.0 2 25:0
JOHN DAY 27 413.7 6.35 18 0.7 90.0 2 10 0
MCNARY 49 406.5 2.94 23 0.5 92.0 8:0
SUMMER
Bonn. Tailrace 46 361.1 0.04 0 0.0 0.0 0 -
BONNEVILLE 96 344.3 0.14 2 0.0 66.7 1 100.0
THE DALLES 133 356.7 0.07 19 <0.1 v 4 33.3
JOHN DAY 37 375.7 1.49 0.5 82.6 17.4
MCNARY 83 385.2 0.72 29 0.3 85.3 5 14.7
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guts contained salnonid vertebrae or other non-diagnostic bones.
The highest nunber of salnonids per gut were generally found in
tailrace areas. Squawfish at md-reservoir sites had the |owest
nunber of salmonids-gut™, except at the upper MNary |ocation
(Table 8). Northern squawfish within BRZ areas contained nuch
hi gher nunbers of juvenile salnonids (0.9 salmonids-gut™; Tabl e
10) than predators collected in the reservoir-wde areas (0.2
salmonids-gut’'; Tabl e 12). Quts from northern squawfish
collected in the spring period contained nore juvenile salnonids
than squawfish sanpled in the summer. The spring sanples
contained fewer enpty guts (259% than the sumer sanples (41%
Table 7). The nunmber of salnonids per gut (spring 0.7; sumer
0.5) and prey fish weight per gut (spring 6.1 g; summer 2.0 g)
were higher during the spring sanpling period (Table 8), probably
because of slower evacuation rates during spring when tenperature
was | ower.

G her species of prey fish comprised only 7% of the total
nunber of fish ingested by northern squawfish. In reservoir-
w de areas (Table 12), 26% of the prey fish consuned were non-
salnmonids, while only 4% of the prey fish consuned were non-
salmonids in the BRZ zones (Table 10). Scul pins nmade up 63% of
the other prey fish category and were nostly found in predators
collected around Bonneville Dam and at Bonneville md-reservoir
area.

Age Determnation of Northern Sguawfish

Use of otoliths for determning ages of northern squaw ish
proved unsuccessful due to problens encountered while trying to
prepare the otoliths for viewing. Mst otoliths were brittle and
shattered easily when ground with fine grit emery paper or
sectioned wth a dremel tool. For these reasons we abandoned
the use of otoliths for age determnation. Ageing of subsanples
of northern squawfish with scales and opercles is progressing.
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DI SCUSSI ON

The goal of predation indexing is to provide a ranking of
| ocations and reservoirs throughout the Colunbia River Basin
according to the intensity of predation upon juvenile sal monids.
Predation indexing will require integration of consunption rate
data with predator abundance data, which has not been conpleted.
W have, however, provided some prelimnary observations based
upon the results of northern squawfish consunmption indexing.

Northern squawfish consunption indices during 1990 were
particularly high near hydroelectric projects, especially during
the sunmer.  Consunption indices tended to be several tinmes
hi gher, often an order of nagnitude or nore, in tailrace and
forebay BRZ's (Table 4) conpared to C estimates made by pooling
predators from the non-BRZ portions of the reservoir (Table 6).
The Cl's in The Dalles tailrace BRZ and John Day forebay BRZ were
exceptions to this pattern, having somewhat |ower northern
squawfish Cl's than was observed in the BRZ's at the other dans.
Such exceptions mght be explained by sanple timng, dam
operation, project design (see Figure 2, e.g.) or other factors.

Catch per unit effort by COFW and FW5 el ectrofishing was
relatively high near dans (prelimnary data in Vigg and Burley
1990b) suggesting predator abundance nmay be high at these sites.
Abundant predators and high consunption rates may result in
significant juvenile salnonid |osses near danms. Juvenile
sal monids may also be nore susceptible to predators imediately
downstream of dans because of stress, disorientation, or injury
caused by passage through the dam

Sanpling in the mainstem Colunbia River reservoirs during
1990 was scheduled to coincide as close as possible with
historical salnmonid passage patterns. Examnation of 1990
juvenile salmonid passage indices showed that sanple scheduling
was generally successful for consumption indexing (Figure 5). W
used juvenile salnonid passage indices from individual dans as
general indicators of salnmonid abundance near that dam (forebay
and tailrace), and also in the imrediate, downstream reservoir.
In the McNary and John Day reservoirs, sanpling coincided wel
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with the spring and summer salnonid out-mgrations (Figure 5).

In The Dalles and Bonneville reservoirs, spring sanpling was
toward the end of the period of highest sal nonid abundance, when
passage indices were gradually declining, but still fairly high
Sunmer sanpling in the two |ower reservoirs, especially in The
Dal | es Reservoir, mssed the largest smolt passage period (about
June, 20 through July, 10). Low prey densities during our sumrer
sanpling in The Dalles Reservoir mght explain the low Cl's
observed in The Dalles forebay and md-reservoir |ocations (Table
3). On the other hand, northern squawfish consunption indices
were noderate to high in The Dal | es forebay, Bonneville forebay
and Bonneville tailrace even t hough passage indicies were | ow
during sanpling at these locations. This suggests that
consunption indices were not sinply a reflection prey density and
consunption rate could be high even when passage was relatively

| ow.

Col l ecting northern squawfish was nost difficult at md-
reservoir locations, as expected, and considerably nore fishing
effort (at |east double) would have been required to reach the
original md-reservoir sanpling targets ( =60 fish per two-day
period). The variability of small-sanple Cl estimates were,
however, narrow enough that rough C conparisons could be nade
(A/2 vs. O vs. 2*Cl, e.g.) with high statistical power (>90%.
Conparisons of Cl estimates fromtailrace and forebay | ocations
could be nmade with even greater confidence (higher power) because

of the larger sanples and tighter relative variability about the
mean C's.

In future studies, northern squawfish consunption and
predation indices fromthe lower Columbia River (1990, this
report), the lower Snake River (scheduled 1991) and the md-
Colunbia River (planned 1992) will be conpared to provide a
relative ranking of juvenile salnonid |osses to predators in
different reservoirs. Since sanpling in the |ower Colunbia
River, the |ower Snake River and the md-Colunbia River will be
conducted in separate years (1990-92), direct conparisons of
regional data will not be possible. The study design calls for
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John Day Reservoir to be sanpled each year (1990-92), providing a
scaler for inter-annual effects. Predation in John Day Reservoir
was also studied in 1983-86 and 1988 (Poe et al. 1988; Petersen
et al. 1990), supplying additional data for conparisons.

Use of a northern squawfish bioenergetics nodel wll provide
an alternative means of estimating juvenile salnonid consunption
rate. Consunption rate estimation with fish energetic nodels has
been advocated el sewhere (Rice and Cochran 1984; Bartell et al.
1986). \eight change of cohorts of fish will be used in nodeling
consunption rate and salnmonid ration. (Ongoing work on the age of
northern squawfish in lower Colunmbia and Snake River reservoirs

Is required so average weights of cohorts can be estinated at
different tinmes fromspring to fall.
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Appendi x A Description of consunption indexing database.

DATABASE DEVELCPMENT AND DATA PROCESSI NG

A rel ational database programwas used to organize and store
field and | aboratory data. A relational database is a set of
l'inked tables, each table containing a particular category of
data(i.e., transect data and predator data). Data integrity is
enhanced as information is shared anong tables. For exanple, if
a colum is defined in one table to have a particular data type,
a new table with the same colum w |l automatically have the sane
data type. Common col umms anong tables allow a user to
mani pul ate several tables at a time. Two or nore tables that
share at | east one columm can be conbined for query or data
out put purposes. Several relational commands are avail abl e that
conbine identical rows and/or colums. Redundant data entry and
associ ated error are al so decreased by having an efficient
dat abase.

TABLE AND COLUWN DEFI NI TI ONS

Consunption indexing field data were separated into two
master tables and |inked by a collection nunber (COLLECT#. Figure
Al). Each transect was assigned a unique "collection nunber" and
each predator within a transect was given a uni que "predator
number" (NUMBER).  Transect information was placed into the
MIRNSECT tabl e and predator data within transects were entered to
t he MPREDATR tabl e.

As each transect possibly contained several predators and each
predator was related to only one transect, a one-to-nmany
relationship was represented between the two tables. This
arrangement permtted one-tine entry of transect data for all of
the predators collected wthin that transect, reducing table size
and al l owi ng individual predator data to be stored in a separate
table. Det data were contained in a table naned MPREYDAT whi ch
was |inked to the MPREDATR table by the common col ums COLLECT#
and NUMBER, and to the MIRNSECT table by COLLECT#.(Figure A).
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MPREDATR
COLLECT# NUMBER

MPREYDAT

COLLECT# NUMBER

o 1)y

COLLECT#

PRIMARY DATABASE

APPLICATION

CITABLE v

WEIGHT TEMP #SMOLTS GUTWT

Fi?ure A1. Schematic representation of master tables and application of
relational design. Onlg common columns are shown. Rows represent each
pnjlgli)? s;a\'(1 of data. Table name is above each box. Variable names are listed
in Table Af.
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MPREYDAT contained diet information for every predator from which
a stomach sanmple was taken. Columm nanes and data types were
defined for each appropriate table and expressions were witten
for conputed colums. Table A lists the colum nanes and data
types for each naster table and displays which colums were
comon between tabl es.

DATA ENTRY AND EDI TI NG

Keyboard data-entry was facilitated by defining forns that
closely resenbled the data sheets. Entry errors were mnimzed
by limting the values or text that could be entered into a
particular field on a form Comands for sorting were used to
arrange rows of data sequentially for tabular editing. A hard
copy of each naster table was printed and proofed for errors.

After a final edit the tables were ready for creating subsets to
be used for data analysis.

COVBI N'NG VAR ABLES AND PRQIECTI NG DATA SUBSETS

Several options were available which joined selected
colums/variables fromtw or nore tables. Subsets of the new
tables were used for data analysis. For exanple, catch sumary
information for species by location and date was extracted from a
table that contained selected predator and transect data.
Dat asets that were to be analyzed by other software applications

were exported to appropriate files, such as ASC| or Lotus
spreadsheet files.

FILE ARCH VES

The entire database, including structure definition and
indices for keyed colums was stored as three files. The working
database was witten to a hard disk on an IBM AT. Two archival
copies were kept on floppy diskettes and stored separately. A
second copy of the working set was stored on a separate
mcroconputer. Revisions fromthe first working copy were
updated to the archival files on a weekly basis.
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TABLE Al.

VARl ABLE NAME

LOCATI ON
DATE
COLLECT#

CREW
BOAT
CEAR
TEMP
WEATHER
STARTTI M
STOPTI ME
COMMENTS
RANDOM

COLLECT#
NUMBER

SPECI ES
FORKLENG
V\EI GHT
SEX
SCALE

MATURI TY
DI SPCSTN

COMMENT2

DATABASE VAR ABLES AND DESCR PTIVE DEFINITIONS FCR
PRI NCl PLE TABLES

TABLE MIRNSECT

DESCRI PTI ON . .

6 digit code defines spatial data
Sanpling date _

Col | ectiron nunber unique for each
transect

Code for capture method

Recorded tenperature

Code for weather condition

Mlitary time for start of transect
Mlitary time for end of transect
Text for unusual circunstances

Desi gnates whether transect was

sel ected randomy (for CPUE)

TABLE MPREDATR

Common variable linked to MIRNSECT
Predator number unique for each
redator within a transect

ext value (3 characters)
Forklength

Predat or wei ght
One digit code o

One digit code to indicate whether
a scale sanple was taken

| ndi cated sexual naturlty_

Code to indicate disposition of the
redat or

ext to remark on unusua
characteristics
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TABLE Al. (Continued) DATABASE VARI ABLES AND DESCRI PTI VE
DEFINI TIONS FOR PRI PLE TABLES

TABLE MPREYDAT

COLLECT# Conmon variable linked to MPREDATR
and MIRNSECT _
NUVBER Conmon variable linked to MPREDATR
PROCESSH Lab nunber for each predator
ANALYZER . .
FI SHAT Gramls of fish found in stomach
e
PREY1 9gﬁs of prey item # excluding
IS
CODE1 | D code for PREY1 _
PREY2 ?aﬂs of prey item #2 excluding
IS
CCDE2 | D code for PREY2 _
OTHERPRY 9aﬂs of prey item #3 excluding
|s
CODE3 | D code for OTHERPRY
TOTALWI Sun(in grans) of all prey itens
#SMOLTS Nunber of snolts identified/ sanple
#SCULPI N Nurmber of scul pins
I dentified/ sanple
#OTHER Nunber of other fish
I dentified/ sanple o
#UNI DSAL I nci dence of unidentified
sal moni ds/ sanpl e o
#UNI DOTH I ncidence of unidentified other
fish/sanple .
COMMENT3 Remar ks about prey itens
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Appendi x B. DRAFT Summary Report - Effects of tenperature upon
respiration rates of northern sguawfish (Ptvchocheilus
Qr eaonensi s).

NORTHERN SQUAWFI SH 0, CONSUMPTI ON RATE: EFFECTS OF TEMPERATURE

by

Joseph J. Cech, Jr.', Daniel T. castleberry'?3,
Todd E. Hopkins'?, and Janmes H. Petersen?

‘Departnment of WIldlife and Fisheries Biology
University of California, Davis
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Abstract

Northern squawfish, Ptvchocheilus oresonensis, (live weight
range: 0.225 - 1.973 kg) were caught by electrofishing in the
Colunbia River and held in continuous-flow tanks at 9, 15, 18, or
21°c. Fish were placed into tenperature-controlled, flowthrough
respironeters which incorporated an automated dissolved 0,
measuring system 0, consunption data were collected at ca. 90
mn intervals for >4 h. Man (+ 2SE) standard 0, consunption
rate of northern squawfish increased with acclimation
temperature: 24.3 + 2.2 mg'kg %% n' at 9°c, 49.1 + 6.6 mg'kg®¢"'n"’
at 15°c, 75.0 + 8.7 mg'kg % h' at 18°c, and 85.9 + 26.6 mg'kg
0-67-p-' at 21°c. ¢q,, analysis showed that 0, consunption rate
tenperature sensitivity was greatest at the internediate
acclimation tenmperatures (15 - 18°c, Q,, = 4.10), noderate at the
| ower acclimation tenperatures (9 - 15°c, Q,, = 3.23), and | ownest
at the higher acclimtion tenperatures (18 - 21°C @,, = 1.57).
Overall 9,, was 2.86 (9-21°c). Cenerally, northern squawfish 0,
consunption rates nore closely approximated those of other
predatory fishes rather than those of |acustrine, omivorous
cyprinids.
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[ ntroduction

The northern squawfish, Ptvchocheilus oreaonensis. is a
predaceous cyprinid fish inhabiting fresh water habitats in
Oregon, Washington," British Columbia and Alberta (Scott and
Crossman 1973). Sqguawfish predation on juvenile salnonid fishes
in the heavily nodified Colunmbia River system has stinulated
research on squawfish bioenergetics, including the construction
of mathematical nodels (R enman and Beanesderfer 1990). An

I nportant conponent of bioenergetic nodels is standard netabolic
rate, the basal energy requirement for body naintenance (reviewed
by Fry 1971 and Brett and G oves 1979).

Qur objective was to measure standard 0, consunption rates, as a
measure of respiratory metabolism) for adult northern squawfish
at tenperatures which spanned the sunmmer conditions in the
Columbia River. W also conpared northern squawfish O,
consunption rates with those for other onmmivorous species in the
same famly and with other predaceous freshwater teleosts.

Materials and Methods

Adult northern squawfish were collected by electrofishing in the
Col unbia River near Bonneville Dam on June 14, 1990. Fish were
qui ckly transported in oxygenated tanks to the USFWS Col unbi a
River Field Station |aboratory and held in circular, flow ng
water tanks (1.2 mdiameter, 1400 L) for >3 wk at acclimation
tenperatures of 9, 15, 18, or 21°c. nly three tenperatures
could be maintained at one time, so fish were randomy assorted,

by weight class, into 9, 15 and 21° acclination groups. The
18°c group of fish consisted of remaining northern squawfish and

did not include as broad a range of weights as the other

tenperature groups. Natural light cycles were maintained and
fish were fed juvenile salnonids (about 1 prey-day™) unti
respiration experinments. Water source was the Little Wite
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Salnon River, a tributary of the Colunbia River.

Fish were inserted in appropriately sized, flowthrough
respironmeters (5 L or 13 L) for 0, consunption rate (Mo,)
measurenments. Respironeters were situated in 250-L, insulated
fiberglass water baths which were interconnected wth subnersible
punps and siphons. Due to tine and space constraints,
experiments on fish at each acclimation tenperature were all
conducted within a several-day period. Experinents were
conducted in the order: 9 (n=18), 15 (n=16), 21 (n=15), 18°
(n=16). \Water tenperature in the baths was regulated by
thermostatted (YSI model 72 proportional tenperature controllers)
glass inmmersion heaters bal anced against a continuous inflow of
cold (8°c) water fromthe Little Wite Salnon Rver. Particle
filters (Teel nodel 2P275/2P369) which trapped particles >25um
continuously cleaned water in the system \ter from the

I nterconnected baths was punped in excess to an insulated,
plastic reservoir incorporating an overflow standpi pe, which

mai ntained a constant pressure head and flow of water to the
respironeters. Qutflowing water from the respironeters was split
by a Y fitting into two tubes. One tube incorporated an in-line
sol enoid valve and led to a manifold with a calibrated, O,

el ectrode (Nester nodel 617034) whereas the other tube returned
water to the bath. The 0, electrode was wired to a Nester

digital 0, neter (nmodel 8500) and stripchart recorder (Soltec
Model 310). Solenoids were wired to an electronic sprinkler
timer (Toro nodel EL-12+) such that valves sequentially opened at
ca. 9 min intervals, sanpling water from respironeters with fish,
respironeters without fish (blank controls), and a tube wthout a
respirometer (inflow water). \ater flow rates were measured by
the tined collection of water from tank outflow tubes (when

sol enoids were closed). MD (mg'kg®¢n')y was cal culated using:

MO, = (0,in - O,out) (Vw. 60) (1000/M,)%*
wher e: 0,in = inflow ng [0,] i n mg/L,
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O,out = outflow ng [(0,] in mg/L,
VW water flowin L/mn, and
M, live body mass of fish in g.

Standard MO, was determned by calculating the mean of the two
| onest MO val ues neasured over the 24+ h experinent for each
fish. Mean Mo,s at each tenperature were conpared using ANOVA
foll owed by appropriate hypothesis tests (WIkinson 1988).

Resul ts

Mean, standard, mass-independent MO, of northern squawfish
increased with increasing acclimation tenperature. Mean (+ 2SE)
rates were: 24.3 + 2.2 at 9°, 49.1 + 6.6 at 15°, 75.0 + 8.7 at
18°, and 85.9 + 26.6 at 21°. Data for individual specinens are
shown in Table Bl. The increases between 9 and 1s5°, and between
15 and 18° were significant (p<0.05). q,, anal yses (Schnidt-

N el sen 1975) showed that MO sensitivity was greatest at the

i ntermedi ate acclimtion tenperatures (15 - 18°c, q,, = 4.10),
noderate at the |ower acclimation tenperatures (9 - 15°, Q,, =
3.23), and lowest at the higher acclimtion tenperatures (18 -
21°C @,y = 1.57). The overall g,, was 2.86 (9 - 21°%).

Di scussi on

Qur northern squawfish data seem realistic as neasures of
standard netabol i sm because the rates approximate those of other
species with simlar feeding habits (Table B2). Also, our data
are consistently below resting routine 0, consunption rates
measured for the congeneric Sacramento squawfish, p. arandis
(Table B2). Resting routine o, consunption rates (Cech 1990) are
defined as those exhibited by quiescent fish, but not necessarily
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the lowest rates over the 24 h diurnal cycle. Cech et al. (1990)
nmeasured resting routine 0, consunption rates for rainbow trout
which also consistently exceed standard 0, consunption rates
(Table B2).

Northern squawfish MO tenperature sensitivity varied with the
acclimation tenperature range. Qher species have also shown g,
variations through acclimtion tenperature ranges. For exanple,
MO, Qs for rainbow trout were 3.5 between 4 and 10°C and only
1.7 between 12 and 22°c (Miller-Feuga et al. 1978). Baltz et al.
(1982) calculated g,,s ranging from1.05 (10 - 15°%) to 3.21 (25 -
27.5°) for speckl ed dace, Rhinichthvs osculus (Cyprinidae).

Utah chub, Gla atraria (Cyprinidae), show standard MD Qs
ranging from2.24 (6 - 9°c) to 5.05 (12 - 18°), as calcul ated
from Raj agopal and Kramer's (1978) data. The Sacranento
squawfish shows a reduced resting routine Mo, tenperature
sensitivity at noderate tenperatures (15 - 20°C q,, = 1.20),
conpared with those at nore extreme tenperatures (10 - 15°, @, =
4.18; 25 - 30°C 9@, = 2.36), as calculated from Cech's et al.
(1990) data. Curiously, this appears to be the opposite pattern
shown by the standard MO, data of its congener, northern
squawfish (Table Bl), albeit through a smaller tenperature range.

Conparisons with other species in the famly Cyprinidae show that
northern squawfish have higher standard MO,.  Beani sh (1964)

cal culated standard MO, of carp, CQvorinus carnio, from
extrapolation of log MO, at various activity levels to zero
activity. Beam sh and Mokherjii (1964) used the same technique
to calculate standard MO, of goldfish, Carrassius carpio.

Al though the experinental tenperatures do not coincide with those
used in our study, both carp and gol dfish seem to have | ower
standard Mo,s than northern squawfish (Table B2). Wiereas both
carp and goldfish generally inhabit quiet or slowy noving water
and are omnivorous and generally do not chase noving prey such as
smal | fish, squawfish are predators (reviewed by Myle 1976,
Scott and Crossnman 1973). (One nmight predict that northern
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squawfi sh woul d have higher standard Mo,s, perhaps acconpanying

| arger red nuscle nmasses. Larger red nuscle nasses typify nore

active species (Bainbridge 1960, 1962), and red nuscle has higher
tissue 0, demands than white muscle (Gordon 1968, Lin et al.

1974, Itazawa and O kawa, 1983). Red nuscle mass conparisons of
northern squawfish with other species have not yet been made.

Comparisons with other predatory species show that northern
squawfi sh have simlar Mo,s to rainbow trout, Oncorhvnchus

nvkiss., and to walleye, Stizostedion vitreum Using the

extrapol ation technique outlined above, Rao (1968) and Dickson
and Kramer (1971) showed that both wild and hatchery rai nbow
trout have conparable mMo,s to northern squawfish (Table B2).

Tarby (1981) used acrylic, flowthrough respironeters sinilar to
those which we used and showed that walleye have simlar standard
Mo,s to northern squawfish (Table B2). Both rainbow trout and
wal | eye exist in the Colunbia River system

I'n conclusion, northern squawfish displayed standard Mo,s
conparable to other predatory fishes in its environnent.

Northern squawfish standard MO increased to varying extents wth
increasing acclimtion tenperature. Tenperature sensitivity of
northern squawfish standard MO, showed a peak at internediate
tenperatures (15 - 18°c), conpared with lower (9 - 1s°c) and
higher (18 - 21 °c) tenperatures. Future studies are needed to
assess the effects of water current (swimmng) on northern
squawfi sh Mo, .
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Tabl e Bl.

Mass (g), standard lengths (SL in cm,

mass- i ndependent nmetabolic rates (mgo, kg®* hr*) for fish at

each acclimation tenperature.

Temp 9°C
Mass SL

903 36

443 29

459 28

1561 42

1856 43

1088 38

448 31

924 40

976 41

1760 45

571 32

630 34

454 29

1863 45

1659 46

973 38

1973 46

1674 45

Mean 1123 38

2XSE 260 3

MO,

N
[
~

32.
23.
22.
27.
22.
19.
24.
22.
29.
17.
23.
24.
13.
26
24.
29.
32.

U P o rMNMOBRENO OO ®OOBEN

24.3
2.2

Mass

665
584
1181
1314
1856
439
415
974
1209
1547
970
1617
361
765
1709
1275

1055
235

15°C

SL

37
34
39
43
47
30
31
40
41
46
41
42
29
36
44
45

39

MO

46.
41.

57

39.
73.
49.

28

40.
71.
46.
39.
73.
42.
35.
47.
51.

49.

A hN O Ul B~ O NP UD® O 4 ©N

52

Mass

908
1161

958
1268
1144
1106
1220
1008
1340
1227
1281
1263
1186
1163
1494
1313

1190
72

18°C

SL

39
42
41
44
42
40
42
42
45
44
42
44
41
40
42
40

42

MO

56.
73.
49.
66.
93.
81.
62.
72.
59.
87.
63.
67.
91
120.
81.
71.

o U1 w4 N U0 O N A O NN O

75.0
8.7

Mass

1065
1412
1570
1602
512
740
670
225
444
929
933
802
1170
785
582

896
203

21°C

SL

49
44
46
47
33
38
36
25
32
38
40
38
42
38
34

38
3

and standard,

MO

35.2
84.2
28.1
128.3
145.7
58.7
70.3
36.9
226.0
109.6
40.4
66.3
54.1
80.3
124.2

85.9
26.6




Tabl e B2.
mass- i ndependent 0,
several

Speci es
Carp 10
n 20
Gol df i sh 10
L 12
1 21
N. squawfish 9
L n 15
L L 18
n n 21
Rai nbow trout 10
n I 15
n L 15
n n 20
Wl | eye 15
L 20

Sac. squawfish 10

1 L 15

n L 20
Rai nbow trout 10
Table B2. (continued)

Rai nbow trout 20
Sac. blackfish 10
' n 15
n n 20

Tenperature

Mo,

7.
22.

7.
29.
44,
24,
49,
75.
85.
29.
41.
52.
54.
26.
39.

32.
66.
73.
57.

97.
34.
68.
95.

95
45
34
02
46
30
10
00
90
34
90
39
30
47
98

67
83
99
22

46
61
11
32

53

Conparative standard (S) and resting routine (RR),
consunption rates (M),
freshwater fishes at various tenperatures (°c).

ny o, * kg?? - ny for

Ref erence

Beam sh 1964

Beam sh & Mookherjii 1964
| I I

I I "
(present study)

D ckson & Kramer 1971
Rao 1968
D ckson & Kraner

Tarby 1981
| I

1971

Cech et al.




